I. INTRODUCTION
HE short-wave infrared (SWIR) near 2 μm has versatile applications and has attracted much research interest. Since the introduction of SNSPDs, people have focus attention on wavelength of 1550 nm or 1310 nm, which are the most common wavelength in optical telecommunication systems. The minimum photon energy ( ) required for the formation of resistive nucleus could be expressed in the following equation:
where ∆ is the superconducting energy gap, is the width of the nanowire, is the square resistance, is the time constant of quasi-particle multiplication, D is the quasiparticle diffusion coefficient, is the quasi-particle multiplication efficiency, is the bias current, is the despairing critical current, and is the cut-off wavelength. Attempts have been made to extend the sensitivity of the detectors to longer wavelength by adjusting the parameters of nanowires [1] . Using a material with a relatively lower energy gap can also extend the cut-off wavelength and increase the intrinsic efficiency [2] .
In this article, we report the demonstration of a superconducting nanowire single photon detector (SNSPD) that employs the most common NbN material at a wavelength of 2000 nm.
II. DEVICE DESIGN AND SIMULATION
We use numerical simulations to determine the optimized parameters for the device. The numerical simulations were performed in a 2D manner with a software based on the finite-difference time-domain method (FDTD Solutions, Lumerical Inc.). Owing to periodic conditions, the simulated object is the device's unit-cell depicted in Fig. 1(a) . From bottom to top, the device consists of a Si substrate, a SiN layer, a NbN nanowire and an Au reflection layer. The device configuration is a regular SNSPD that employs optical cavities for absorption efficiency enhancement [3] . Because the operating wavelength is targeted at 2000 nm, the thickness of the SiN layer between the NbN nanowire and Si substrate is chosen as 269 nm, which is a quarter of the wavelength of interests inside the SiN medium. We scan the position of the Au reflection layer until the absorption of NbN nanowire reaches the maximum. Some minor improvement of the absorption efficiency can be attained by finely adjusting the width of the NbN nanowire to completely eliminate the reflected wave [4] . The optimized width of NbN nanowire is 90nm. The obtained optimal parameters are summarized in Fig. 1(a) for quick references. The solid black dot curve is for the case of parallel polarization and has a maximum value of ~95.9% at 2000 nm, while the solid red dot curve is for the case of perpendicular polarization.
III. DEVICE FABRICATION AND MEASUREMENT
Guided by the above design results, a SNSPD operating at 2000 nm is fabricated. A 5 nm thick NbN film is sputtered (Tc0 6.5k) in room temperature using reactive DC magnetron sputtering, and is fabricated into a meander pattern by means of electron beam exposure and reactive ion etching. The formed NbN meander has a linewidth of ~65 nm and a filling factor of 33%, and covers an effective area of 15 μm × 15 μm. We didn't follow the simulation width of NbN because narrower nanowire can make the device more sensitive to longer wavelength. We also decrease the NbN meander filling ratio to 978-1-5386-3809-5/18/$31.00 ©2018 IEEE 33% to avoid the current crowding effect according to the theory analysis of [5] . On top of the NbN meander, a SiN layer is grown using plasma enhanced chemical vapor deposition (PECVD) under a temperature of 350 ℃. Finally, a 120 nm thick Au reflector layer was deposited with the help of AC magnetron sputtering. The device is placed across two Ti/Au electrodes sputtered on the plate. Fig. 2 shows the scanning electron microscope (SEM) image of the fabricated nanowire. The fabricated device is optically packaged by attaching a fiber at the backside of its Si substrate. With the help a focusing lense, the coupling efficiency reaches more than 90%. The beam waist of the focused light-spot is about 9 μm. The packaged device is mounted on a compact Gifford-McMahon cryocooler and cooled to 2.3 K. Fig. 3 . presents the current-voltage (I-V) characterization of our SNSPD, indicating a switching current (Isw) of 9.6 μA.
For further optical characterization, we used a 2000 nm laser source (NPI, PowerWave 2000). In order to manipulate the light polarization，we employed a paddle fiber polarization controller after the laser source to adjust the state of polarization of the incident light. The optical power coupled into the fiber was measured at 300 K with a InGaAs photodiode power meter (Thorlabs, S148C, spectral range λ = 1200-2500nm). The optical power of the laser source is attenuated to a level at which the maximum count rate is less than 10 6 counts per second by using two attenuators. A bias-T is used to provide the device with a bias current and extract out the voltage signal. The voltage pulses were amplified by a low-noise amplifier with gain 50 dB and bandwidth 1 GHz. The output responses were observed by a 50GHz sampling oscilloscope or a 350 MHz counter. Schematics of the optical and electrical setups are shown in Fig. 4 .
The CR and DCR relations of the bias current are shown in Fig. 5(a) . The results indicate that our device responses well in 2000nm with a dark count rate of 100Hz at the bias current of Ib = 9 μA. Note that the count rate dose not saturate at high bias current, it is indicated that intrinsic efficiency is much less than 100%. One approach to increase the system efficiency is to fabricate device with ultranarrow (20-50nm) nanowires. The DCR is mainly caused by the background blackbody radiation, which can be reduced by employing suitable filter in the cryocooler [6] . Finally, the measured oscilloscope persistence trace of photon response pulse was presented in Fig. 5(b) . , which indicated a recovery time of approximately 100 ns.
IV. SUMMARY
In this article, we report the demonstration of a superconducting nanowire single photon detector (SNSPD) that employs the most common NbN material at a wavelength of 2000 nm. The results indicate that our device responses well in 2000nm with a dark count rate of 100Hz. The recovering time is 100ns. 
